ABSTRACT
INTRODUCTION
When studying the retinal disease progression on a microscopic scale in a mouse model, large mouse populations are sacrificed at different times during the disease cycle. This provides researchers with "snap-shots" of the disease's progress in multiple mice. Researchers are then forced to study disease by sacrificing large numbers of mice and using statistical analysis to determine the disease effects accurately over time. In vivo retinal imaging does not require sacrificing an animal to view its retina, and allows for tracking disease progression in the same mouse over the disease's timespan. While in vivo imaging overcomes the needs for statistical analyses and sacrificing larger mice numbers, aberrations in the mouse eye limit the best possible resolution attainable when compared to ex vivo imaging. [1] [2] [3] [4] An example of the differences between ex vivo and in vivo retinal images is in Fig. 1 . Fig. 1 is an image set of microglia cells labeled with green fluorescent protein (GFP+) in the mouse retina. Fig. 1(a) is an ex vivo flatmount image of the retina, while fig. 1(b) is an in vivo retinal image taken with the same imaging instrument. In Fig. 1 Fig. 1 a optimization algorithm for the adaptive element to maximize the pinhole intensity. This sensor-less AO system has also be proposed for ophthalmic imaging.
(a) the dendrites of microglia cells (approximately 1µm wide) branching off from the microglia cell body, but in
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In these Proceedings, we present two AO 
METHODS
Biomicroscope
The biomicroscope is a video-rate (30 fps) imaging system that relies on a polygon scanner and a galvanometric mirror to generate the raster for the image. It has two imaging channels, a fluorescent channel, and a reflectance channel and has three laser wavelengths for fluorescence excitation. Fig. 2 is a schematic DM is a deformable mirror (adaptive element). HS is a polygon that provides the horizontal scan. VS is a galvanometric mirror for the vertical scan. OBJ is a long working distance microscope objective. SHWS is a Shack Hartmann Wavefront Sensor. PMT (Fluoro) is the confocal fluorescence detection channel. PMT (Brightfield) is the confocal brightfield detection channel.
Wavefront Sensing Adaptive Optics
The wavefront sensing AO 
Sensor-less Adaptive Optics
The sensor-less AO system uses an image to generate the metric for the optimization algorithm. If the image signal to noise is low, frame averaging can be used to reduce noise in the metric. In these experiments the metric used was the mean pixel intensity. On the mirror the amplitude of the first 35 Zernike polynomials were optimized. 16 A simple random walk algorithm was used to maximize the metric. 
Animal Handling
EXPERIMENTS
Wavefront Sensing Adaptive Optics
In vivo images of Evans Blue labeled blood vesssels are shown in Fig. 3 16 The effect of the adaptive correction can be seen when comparing Fig. 3 Fig. 3(c) and (d) , respectively. Fig. 3(e) is a plot of the intensity of Fig. 3 Fig. 4(c) the final mirror position at the end of the optimization cycle is shown. Fig. 4 Fig. 4(a) and the green solid line corresponds to Fig.  4(b) .
(a) and (b). The calculated wavefront with the measured SHWS spot shifts for the uncorrected and corrected images are shown in
(a) and (b) along the white line shown. The blue dashed line is the intensity plot for (a) and the solid green line is the intensity plot for (b).
Sensor-less Adaptive Optics
Fig. 4 shows in vivo images of Evans Blue labeled retinal vessels with the sensorless AO system on and off, the final mirror deflections after 100 iterations of the correction algorithm, and intensity line plots from the in vivo images. The images shown are 30 averaged frames that are co-registered prior to averaging. In
(d) is an intensity plot from the white lines in (a) and (b). The blue dashed line corresponds to
RESULTS
It would be desirable in the wavefront sensing situation to measure the wavefront for AO correction using backscattered light, but this proved difficult in practice. This difficulty probably arises because the SHWS lenslets have a very high f-number and therefore detect the light from all retinal layers and the posterior surface of the lens, that is quite close to the retina of the mouse eye. Unlike the human eye, the mouse retina is thick (200µm) relative to its focal length (approx. 2mm) and these reflections represent a mix of aberrations, as well as very large blur circles. For the fluorescently labeled cells, the source for both the SHWS measurements and the resulting confocal image is localized to specific layers and cells.
In both the wavefront sensing and sensor-less AO situations correction is achieved. With the AO systems correcting, the brightness and resolution are increased. Table 1 lists the maximum pixel value, mean pixel value, and the Michelson contrast for the images in Fig. 3 and Fig. 4. In Figs. 3 and 4 the AO system helps resolve capillaries and make larger vessels sharper. The contrast in Fig. 3 is increased by 6%. The contrast in Fig. 4 is increased by 35%.
With the wavefront AO correction running, the RMS spot deviation of the SHWS image is reduced from 11.19µm to 5.09µm. In the data provided for Fig. 3 the system did not provide full correction, meaning the RMS spot deviation was reduced to zero, since the mirror stroke was saturated. Fig. 3 provides evidence of the increase in contrast with the AO correction running.
For the sensor-less AO system the mirror stroke was not saturated. By looking at Fig. 4(c) we can infer the approximate shape of the wavefront error in the system; in this case the dominant aberration looks to represent 
